Abstract Bioactive properties of fungi considerably differ between the fruiting body (FB) and the submerged culture as regards mycelia (M) and the fermentation broth (F). Antioxidant properties of hot-water extracts obtained from three different fungal origins: FB, M and F of two autochthonous fungal species (Northern Serbia), Coprinus comatus and Coprinellus truncorum were investigated. Free radical scavenging capacity (RSC) was evaluated in vitro by the DPPH assay and reducing power ability (FRAP assay). Considering possible bioactive properties of different compounds present in fungal extracts, the content of total proteins (TP), phenols (TC) and flavonoids (TF) were investigated colorimetrically. The chemical characterisation of the examined extracts was evaluated using the HPLC-MS/MS method. C. comatus showed the strongest RSC activity; more precisely, fermentation broth extract (FCc) on DPPH radicals (IC50 = 5.06 lg mL -1 ) and fruiting body extract (FBCc) for the FRAP assay (42.86 mg ascorbic acid equivalents (AAE)/g). Submerged M extract of both species showed the highest TC (MCc 81.95 mg gallic acid eq (GAE)/g d.w.; MCt 81.64 mg GAE/g d.w.), while FB extracts contained the highest content of TP. Comparing LC-MS phenolic profiles between species-interspecifically and among different fungal origins-intraspecifically (fruiting bodies and submerged cultures), high variations were noticed. In submerged M or F extracts of C. comatus, vanillic, gallic, gentisic and cinnamic acids were detected, as opposed to FB. Considering that diverse phenolic profiles of detected antioxidant compounds were obtained by submerged cultivation, this type of cultivation is promising for the production of antioxidant substances.
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Introduction
Fungi are widespread organisms on earth with high biodiversity and strong biochemical potentials. Because of high water content (70-95%), a small amount of fat (1-8% of unsaturated fatty acids) and many bioactive compounds with diverse biological activities, such as antioxidant (Karaman et al. 2014) , antitumor and immune-modulating properties (Zhao et al. 2014) , fungi represent excellent sources of nutraceuticals (dietary supplements with a potential therapeutic application or health benefits) that may be derived from the mycelium (M) or the fruiting body (FB) of fungi (Chang and Miles 2004) . Recent studies have proved nutritional values of fungi and promoted their use in a well-balanced diet since bioactive compounds may enhance human's immune system and possess valuable antioxidative properties (Cohen et al. 2014) . Furthermore, awareness of a healthy lifestyle is rising, so preference is given to naturally originated antioxidants worldwide. Members of the genus Coprinus are saprobes with a cosmopolitan distribution, typically growing on meadows in waste areas in clusters or near rotting tree stumps (Powell 2014) . They contain up to 25% of protein when young, and they are rich in polysaccharides, triglycerides and essential amino acids (Powell 2014) .
Coprinus comatus (O.F. Müll.) Pers. 1797 (Ph. Basidiomycota, Cl. Agaricomycetes, O. Agaricales, Fam. Agaricaceae) is an edible fungal species, but only young mushrooms, before the gills start to turn black. It is well known for its bioactive properties, such as antimicrobial (Zenkova et al. 2003) , antioxidant (Asatiani et al. 2010) , hypoglycemic (De Silva et al. 2012) , immunomodulator, antitumor (Zhao et al. 2014) etc. In China, this fungus has been cultivated in a large amount, and its production was amounted to almost 382.000 tons in 2006 (Li et al. 2010) .
C. comatus is taxonomically closely linked with the species Coprinellus truncorum (Scop.) Redhead et al. 2001 , regarding position in systematic (Ph. Basidiomycota, Cl. Agaricomycetes, O. Agaricales, Fam. Psathyrellaceae). However, according to analysed ITS1-5.8S-ITS2 sequences (Ko et al. 2001) , it has been recently suggested that C. truncorum is conspecific with the species Coprinelus micaceus (Bull.) Fr. 1838, thus they might be used as synonyms. Coprinelus micaceus is considered conditionally edible given the fact that consumption with alcoholic beverages may produce symptoms such as reddening of the face, increased heart rate, vomiting, malaise, agitation and diarrhoea (Chang and Miles 2004) . Nonetheless, the Coprinelus micaceus species contains some of unique bioactive chemical compounds, such as sterol micaceol with a ''modest'' antibacterial activity (Zahid et al. 2006) . Likewise, the species Coprinus comatus generates 4,5-dihydroxy-2-methyoxy-benzaldehyde, also known as comatin, a compound with a hypoglycaemic effect (Ding et al. 2010) . Additionally, previous studies have documented that fungi are very important sources of antioxidant components, mainly due to the presence of their secondary metabolites, such as phenolic compounds (Vaz et al. 2011; Karaman et al. 2014 ), although some polysaccharides showed similar effects (Wasser 2011) .
Antioxidant activity is considered very important for the protection of aerobic organisms from reactive oxygen species (ROS), the production of which is in a constant balance with the antioxidant defence system in healthy organisms (Halliwell and Gutteridge 1990) . As a consequence of disturbance of this balance, a serious disruption of normal cell homeostasis leads to oxidative stress. Although synthetic antioxidants can improve the defence system capacity, they have toxic and mutagenic effects (Singh et al. 2007 ). Therefore, research into naturally originated metabolites, including fungal species and their activity, is on the increase.
While the antioxidant potential of fungi is strain specific and depends on the habitat (Karaman et al. 2014) , lifecycle phase, solvent extraction method (Mushtaq et al. 2013 ) and others, in this research we used hot-water extracts of autochtonous fungal species to make a comparative study of antioxidative properties of different fungal origins: mature fruiting bodies (FB) and submerged culture mycelium (M) and fermentation broth (F) of the two Coprinus species: C. comatus and Coprinellus truncorum.
The aim of this study was to determine a comparative overview of antioxidative properties in vitro of different fungal origins as well as phenolic compound profiles of different extracts derived from FB, M and F of two autochtonous species originated from the grassland in Novi Sad and meadows in Sremski Karlovci (Northern Serbia).
Materials and methods
Standards and reagents
2,2-Diphenyl-1-picrylhydrazyl (DPPH) was from Fluka Chemie (Switzerland), ascorbic acid and 2,4,6-tripyridyl-striazine (TPTZ) were from Merck, and butylated hydroxyanisole (BHA) was from Sigma-Aldrich (Germany). Deionised water was produced using a Millipore water purification system. Reference standards of the phenolic compounds were obtained from Sigma-Aldrich Chem (Steinheim, Germany), Fluka Chemie gmbh (Buchs, Switzerland) or from Chromadex (Santa Ana, USA). HPLC gradient grade methanol was purchased from J. T. Baker (Deventer, The Netherlands), and p.a. Formic acid and DMSO from Merck (Darmstadt, Germany).
Fungal material
Wild-growing autochthonous fungal species were collected at two different localities and times: C. truncorum on the grassland in Novi Sad (town) on 15th September in 2015 year and C. comatus in meadows of Sremski Karlovci on 24th November in 2014 year. Fungal species were determined and both voucher species (12-00704 and 12-00705) were deposited at BUNS Herbarium at Department of Biology and Ecology, Faculty of Science, University of Novi Sad. From fruiting bodies mycelia were isolated and preserved in fungal culture collection (FCC) at the Microbiological Laboratory at the Faculty of Sciences, University of Novi Sad.
Submerged cultivation
Isolated mycelia were cultivated on Malt agar (Torlak, Serbia) at 26°C during 10-day cultivation. For the production of mycelia and fermentation filtrate, the culture was inoculated into a 300 mL flask, containing 100 mL of fermentation medium and incubated at 26°C and 100 rpm (New Brunswick Scientific, Edison, USA). The liquid medium (1 L) consisted of 5 g peptone, 35 g glucose, 5 g yeast extract, 1 g K 2 HPO 4 , 0.5 g MgSO 4 9 7H 2 O, 0.05 g, at pH 6.51. After 21 days, the mycelia was filtrated using Fioroni Filter, France, and both the mycelia biomass and filtrate were collected and lyophilised until we got dried samples (CHRIST ALPHA 2-4 LDplus, Freeze Dryer).
Extracts preparation
For extract preparation, 5 g lyophilised mass of FB (cap and stipe), as well as 5 g of submerged M and F biomass were re-dissolved in 100 mL of hot water for 18 h on a rotary shaker (100 rpm). After extraction, all six extracts (four from submerged culture and two from FB) were filtrated and lyophilised to dryness. After lyophilisation, water was added to make stock solution at concentration of 100 mg mL -1 . All isolates, from both species FB, M and F were prepared in the same conditions according to Karaman et al. 2014 .
Antioxidant activity
Antioxidant activities were assessed by in vitro scavenging methods with microplate assays: 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH) and ferric reducing ability of plasma (FRAP). RSC capacity of investigated extracts was determined by the DPPH test according to the method by Espin et al. (2000) . Spectrophotometric determination scavenging activity of extracts was based on monitoring the transformation of DPPH radicals in the presence of antioxidants (H-donor atoms), followed by measuring the change in absorbance. The concentrations of the tested extracts of fungi were ranged from 5 to 400 lg mL -1 ; 10 lL of extracts was transferred into a 96-well plate with 60 lL of freshly prepared methanolic solution containing DPPH radical. After incubation for 30 min in the dark at 25°C absorbance were measured at 515 nm (Multiskan GO Thermo Scientific). For negative control treatments, 10 lL of H 2 O was applied, instead of extract.
Synthetic antioxidant butylated hydroxyanisole (BHA), at concentration 50 lg mL -1 was used as a positive control. The antioxidant activity of the extracts was expressed as IC50 values (a concentration of the extract that inhibited the DPPH radical formation by 50%) Espin et al. (2000) .
The ferric reducing/antioxidant power (FRAP) assay was done according to Benzie and Strain (1996) . The method is based on in vitro reduction of iron (II) 2,4,5-tripyridyl-s-triazine (TPTZ) complex at low pH. Reduction potential of fungal extracts was calculated using the calibration curve of the standard solution of ascorbic acid. Final concentration of ascorbic acid ranging from 0 to 38.91 lg mL -1 was used to create a standard curve. The concentrations of the tested extracts of fungi ranged from 250 to 2000 lg mL -1 . 10 lL of the extracts of fungi were transferred into a 96 well plate with 225 lL of freshly prepared FRAP reagent (acetate buffer, TPTZ solution and FeCl3Á6H 2 O in a ratio 10:1:1). 10 lL of solvent (H 2 O) with 225 lL of FRAP reagent was used as blank. Measurement of the absorbance was performed after 6 min incubation in the dark at 25°C and all the samples were performed in triplicate. Values of reducing power were expressed as mg of ascorbic acid equivalents (AAE) per gram of dry weight, calculated according to the standard calibration curve.
Antioxidant components
Total phenolic (TC) content was determined in vitro according to Singleton et al. (1999) . The concentrations of the tested extracts of fungi for test of TC ranged from 3.12 to 1000 lg mL -1 . TC was calculated on the basis of a calibration curve of standard solution of gallic acid, and the result is expressed as the mean value of three measurements ± standard deviation (mg gallic acid eq (GAE)/g d. w). Total flavonoid content (TF) was determined by in vitro method by Chang et al. (2002) . The concentrations of all tested extracts of fungi ranged from 1242 to 9934 lg mL -1 . The standard curve was constructed on the basis of the results obtained by measuring the absorbance of a series of different concentrations of quercetin solution. From the calculated calibration curve was obtained TF content of extracts which is expressed as mg of quercetin equivalents (Q) eq/g d.w. in the study. Total proteins (TP) were determined by original spectrophotometric method, according to Bradford (1976) . Bovine Serum Albumin (BSA) was used for standard curve formation while the concentrations of the tested extracts of fungi ranged from 250 to 2000 lg mL -1 . Values were expressed as mg eq of protein/mL of sample.
Absorbance for each test was measured at an appropriate wavelength using a Multiskan GO (Thermo Scientific) plate reader. Corresponding inhibition-concentration curves were drawn using the Origin software (OriginLab Corporation, Northampton, MA, USA), and IC50 values were determined by linear regression analysis.
HPLC-MS/MS determination of compounds
For HPLC-MS/MS determination of the phenolic profile, the method by Orčić et al. (2014) was used. All extracts were diluted with mobile phase solvents A (water) and B (methanol), premixed in 1:1 ratio, to obtain a final concentration of 2 mg mL -1 . Fifteen working standards, ranging from 1.53 to 25.0.10 3 ng mL -1 , were prepared by serial 1:1 dilutions of standard mixture with solvents A and B (1:1). Samples and standards were analysed using Agilent Technologies 1200 Series high-performance liquid chromatograph coupled with Agilent Technologies 6410A Triple Quad tandem mass spectrometer with electrospray ion source, and controlled by Agilent Technologies MassHunter Workstation software-Data Acquisition (ver. B.03.01). Five microlitres were injected into the system, and compounds were separated on Zorbax Eclipse XDB-C18 (50 mm 9 4.6 mm, 1.8 lm) rapid resolution column held at 50°C. Mobile phase was delivered at flow rate of 1 mL/min in gradient mode (0 min 30% B, 6 min 70% B, 9 min 100% B, 12 min 100% B, re-equilibration time 3 min). Eluted compounds were detected by ESI-MS, using the ion source parameters as follows: nebulisation gas (N2) pressure 40 psi, drying gas (N2) flow 9 L/min and temperature 350°C, capillary voltage 4 kV, negative polarity. Data were acquired in dynamic MRM mode, using the optimised compound-specific parameters (retention time, precursor ion, product ion, fragmentor voltage, collision voltage) given in the previously published research by Orčić et al. (2014) . For all the compounds, peak areas were determined using Agilent MassHunter Workstation software-Qualitative Analysis (ver. B.04.00.). Calibration curves were plotted and samples' concentrations calculated using the OriginLabs Origin Pro (ver. 8.0) software.
Statistical analysis
All results were performed in triplicate and expressed as means and standard deviations (mean ± SD). One-way ANOVA with post hoc Tukey HSD test was used to determine significant differences of extracts at the level p \ 0.01 and 0.05. Statistical data correlation was obtained by correlation coefficient (Excel 2010) to estimate the relationship between the antioxidant activity of extracts and TC, TF and TP contents.
Results and discussion
Submerged cultivation is the best method for growing fungal biomass and extracellular media to detect fungal physiology and biochemical properties (Elisashvili 2012) . Previous studies concerning submerged cultivation have been aimed at investigation of fungal polysaccharides, whereas there are few studies dealing with antioxidant activities and the phenolic compounds profile of the mycelia and the fermentation broth separately (Zhong and Tang 2004; Elisashvili 2012) .
Antioxidant assays
Results of antioxidant activity clearly revealed the difference in activity in different types of extracts (FB, M, F), statistically determined by Tukey HSD test (Table 1 ). In the DPPH test, according to obtained mean values which significantly different from each other two statistically significant groups were defined, while five groups were determined in the FRAP assay (Table 1) . Based on the tests performed, C. comatus extracts expressed a higher antioxidant activity than C. truncorum, except for M extract in the FRAP assay. The best antiradical activity was obtained by FCc (5.06 ± 2.06 lg mL -1 ), which is an approximate to the value of tested synthetic antioxidant-BHA (IC50 2.09 ± 0.56 lg mL -1 ), although MCt extract exhibited a similar effect. This result points to a high antioxidant activity of F extract of C. comatus and according to our knowledge this is the first recorded observation of this potential.
In general, a stronger antiradical activity was exhibited in the investigated submerged culture extracts (both M and F) compared to FB, which may be explained by a stronger physiological activity of vegetative fungal mycelia in the fermentation broth than in a generative sessile basidioms in a form of FB. In comparison to research data on antioxidant activity of submerged culture of mycelia (1.1 ± 0.2 mg mL -1 ) of C. comatus in Israel (Asatiani et al. 2007 ), MCc showed lower IC50 values (13.27 ± 5.95 lg mL -1 ), which means it achieved a higher antiradical activity. The difference in this activity might have been caused by the different procedures performed in preparation of the extracts, since we used lyophilised (freeze-dried) mycelial biomass for extract preparation, in comparison to oven-dried mycelial biomass (at 50°C) used by Asatiani et al. (2007) . This procedure of oven-drying could cause the disintegration of some active termolabile compounds with a potential antioxidant activity.
The antiradical activity of FB of C. comatus methanol extracts (3.76 mg mL -1 ) (Stojković et al. 2013) , showed a weaker activity compared to the analysed FBCc extract. Furthermore, ethanolic polysaccharides fraction of FB C. comatus revealed a higher antioxidant activity than water polysaccharides fraction (Vaz et al. 2011) , which may be explained by the presence of phenolic compounds: p-hydroxibenzoic, p-coumaric, cinammic phenolic acids (Vaz et al. 2011) , similar to compounds detected in some other lignicolous fungal species from Serbia (Karaman et al. 2014) .
Moreover, FB water extracts of C. micaceus from Korea (11% neutralisation of DPPH at 2 mg mL -1 ) (Nguyen et al. 2014 ) was less potent than the FBCt extract in the present study (Table 1) . Between methanol and hot-water extracts of C. truncorum, better activity was exhibited in hot-water extracts (Nguyen et al. 2014) . Generally, FB water extracts showed much higher antiradical DPPH activities than methanol ones (Nguyen et al. 2014) , which indicates the importance of more polar compounds in demonstrated activities.
For the FRAP test, the most effective activity was recorded for C. comatus FBCc 42.86 ± 2.04 mg AAE g -1 (Table 1) , followed by FBCt and M extracts of both species, while the lowest activity was obtained for F extracts. Although a high variability was noticed among extracts (Table 1) , M extracts showed similar mild effects. A special importance of our results for the FRAP assay is that they have not been reported before for C. truncorum submerged culture extracts. In comparison with other studies dealing with antioxidant potential of naturally originated fungi from different areal, the differences in activity, regarding strain-specific properties or preparing the extract, have been noticed (Asatiani et al. 2007; Vaz et al. 2011 , Karaman et al. 2014 , Nguyen et al. 2014 . Moreover, the results obtained within present study have pointed out the differences in activity among three different fungal origins (namely, fruiting body, mycelia and fermentation broth) of the same species, while the majority of the performed studies so far have been focussed strictly on one fungal origin, such as fruiting body. For instance, the investigation of bioactivity of the commercial product based on the fungus C. comatus (Popovic et al. 2010 ) gave different results in comparison with naturally originated extract of the same fungus reported herein.
Total content of phenols, flavonoids and proteins
Phenols are characterised as effective antioxidants due to the existence of hydroxyl groups and there are reports about their direct correlation with antioxidant activity of fungal extracts (Karaman et al. 2014) . In the present study, TC was found in all investigated extracts which ranged from 42.27 to 81.95 mg GAE/g d.w., while the highest TC content was determined in both analysed M extracts ( Table 2) . Concentration of TC observed in cap and stipe of FBCc from China (Li et al. 2010) , ranged from 3.60 to 20.00 mg g -1 , which is slightly lower than TC in all FBCc analysed in our study (24.02 mg/g GAE/g d.w.). Overall, TC content was richer for cap extracts than for stipe ones (Li et al. 2010) .
In the DPPH antiradical test, the high correlations between obtained antioxidant activity (DPPH) and TC, TF and TP contents indicates that phenolic compounds could make a significant contribution to the activity of C. truncorum extracts (Table 3) . These correlations are in accordance with Karaman et al. (2014) for FB extracts of some lignicolous fungal species. Furthermore, a strong correlation was noticed between FRAP activity and TC, TF and TP content for submerged M and F extracts for both investigated species (Table 3) .
TF contents were detected in all analysed extracts of C. comatus and C. truncorum which ranged from 0.26 to 1.63 mg Q eq/g d.w. The species C. comatus showed a higher TF content in all three types of extracts in comparison to C. truncorum. The comparison between TF of FBCc investigated extract and the same FB water extract from China, points to a lower activity of analysed FBCc in our study (Li et al. 2010) .
Total protein content (TP) in M and FB extracts which ranged from 6.87 to 11 mg eq protein/mL, while F extracts of both species contained no protein (Table 2) . FB extracts of both species were the richest in the content of TP. TP for wild-growing and cultivated C. comatus were spotted at 11.84 g/100 g (Stojković et al. 2013) , which correlates with our results. A high correlation between TP and antioxidant activity of extracts (DPPH, FRAP tests) were recorded (Table 3) , which could be possibly explained by a synergistic antioxidant activity of the protein-polysaccharide complex (Zhang et al. 2011 ).
Determination of phenolic profile
High-performance liquid chromatography coupled with triple-quadrupole mass spectrometer (HPLC-MS/MS) was performed in this study in order to compare phenolic profiles of different fungal origins, namely FB, M and F of autochtonous fungal strains. It was used to analyse the contents of flavonoids and phenolic acids in all selected fungal samples. A total of 37 compounds were identified and quantified in the 6 examined extracts using the method optimised for quantification of 45 phenols (Orčić et al. 2014) . Eighteen (18) flavonoid aglycones and glycosides, isoflavonoids, coumarins, 6-hydroxybenzoic and 5-hydroxybenzoic acids, quinic acid and 5-O-caffeoylquinic acid were found in the examined extracts (Table 4) .
Quinic acid was detected in all tested fungal extracts, while the richest content was found in FB extracts of both analysed species (FBCc and FBCt). This acid has been proven as a potent antioxidative agent since it nutritionally supports the synthesis of tryptophan and nicotinamide in the gastrointestinal tract, which afterwards have influence on DNA repair (Pero et al. 2009 ). As opposed to FB for all analysed M and F submerged extracts, the most common compounds in our study were hydroxybenzoic acids, with the compound p-hydroxybenzoic acid, which was defined as antioxidant (McDonald et al. 2001) .
For the analysed FBCc extract 33 phenolic compounds were spotted and among them 6 phenolic acids were detected, while for the FB extract for the same species from Portugal only two phenolic acids were identified (Vaz et al. 2011) . Furthermore, phenolic profile of water extract was richest compared to methanol (Stojković et al. 2013 ).
For C. truncorum FB extract we detected 29 phenolic compounds, while for the species C. micaceus from South Korea only 4 phenolic compounds were determined (protocatechuic acid, chlorogenic acid, (-)-epicatechin and naringin) (Nguyen et al. 2014) . Among all analysed extracts, the highest TC content was detected for MCc extract (Table 4) obtained by both LC-MS chromatography and spectrophotometry (81.95 ± 2.62 mg GAE/g d.w.) (Table 2) . Furthermore, FCc extract was the most diverse in detected phenolic compounds (34 detected of 37 analysed), which can be related to the best achieved anti-DPPH radical activity. LC-MS detection of phenolic profiles in submerged culture extracts and it's comparation with FB FBCc fruiting body extract of C. comatus, MCc submerged mycelium extract of C. comatus, FCc fermentation broth extract of C. comatus; FBCt fruiting body extract of C. truncorum, MCt submerged mycelium extract of C. truncorum; FCt fermentation broth extract of C. truncorum extracts phenolic profiles have not been done so far in case of species C. truncorum. Moreover, until now there has been no evidence of detection of phenolic profiles of submerged M and F extracts of the species C. truncorum (Fig. 1) . Based on our comparative analysis of phenolic profiles (Table 4) , it can be seen that certain phenolic compounds occur only in submerged culture extracts, among which many are closely associated with nutritional quality of food (Ho et al. 1992) . One of the most biologically active dietary flavonol-quercetin (Ho et al. 1992 ) was detected in a great amount in all investigated fungal extracts. Moreover, we identified vanillic acid only in M type of extract for the species C. comatus and only in FB extract for C. truncorum (Table 4 ). This acid is one of the most popular flavouring agents and it is also an intermediate in the production of vanillin from ferulic acid, which possesses important nutritional values (Ho et al. 1992) . It implicates the fact that submerged cultivation of C. comatus would be a recommended procedure for vanillic acid production, which has not been detected before in FB extracts of this species (Vaz et al. 2011) . Moreover, flavonol hyperoside together with flavanol catechin and isoflavonoids daidzein and genistein, were detected in the present study only in M and F extracts for species C. truncorum. In addition daidzein and genistein were produced in a much greater amount in submerged extracts than in FB for C. comatus. These two compounds are already well known as antioxidants (Han et al. 2009 ) and anti-tumour agents (Birt et al. 2001) . Moreover, genistein was characterised as a beneficial agent for prevention of diabetes (Fraga 2009 ). This and similar compounds can contribute to the significance of fungi as nutraceuticals, hence submerged cultivation of C. comatus and C. truncorum confirmed its importance as a natural source of valuable antioxidants.
Conclusion
The most potent in antioxidant activity were extracts of the species C. comatus (FCc extract for DPPH and FBCc extract for FRAP test). For both Coprinus species, M and FB extracts were the richest in TC and TP content, respectively. Antiradical DPPH activity was in a high correlation with all analysed total content compounds (TC, TF and TP) for the species C. truncorum. Futhermore, both species submerged extracts (M and F) showed a FRAP activity in a high correlation with all inverstigated total contents (TC, TF and TP), indicating them as important constituents in antioxidant activity. HPLC-MS/MS revealed that submerged extracts were more potent in production of certain phenolic compounds, which can recommend investigated submerged cultures of Coprinus and Coprinellus for further biotechnological processes in production of these highly valuable natural antioxidants. 
